Objective: To examine the cross-sectional associations between generalized anxiety disorder (GAD) and major depressive disorder (MDD), their comorbidity, and hypertension. Methods: Participants (n ϭ 4180) were drawn from a cohort of men who were members of the U.S. army during the Vietnam war era. Occupational, sociodemographic, and health data were collected from military service files, telephone interviews, and medical examinations. Hypertension status was defined by the presence of one of the following: self-reports at interview of either a physician-diagnosis or taking antihypertensive medication; or an average systolic blood pressure Ն140 mm Hg or an average diastolic blood pressure Ն90 mm Hg at the medical examination. One-year prevalence of GAD and MDD was determined, using Diagnostic and Statistical Manual of Mental Disorders, Third Edition criteria. Results: In separate regression models adjusting for age and then additionally for place of service, ethnicity, marital status, alcohol consumption, smoking, body mass index, household income, and education grade, both GAD and MDD were related positively to hypertension. In age-adjusted and fully adjusted models comparing comorbid GAD/MDD, GAD alone, MDD alone, and neither condition, comorbidity showed the strongest relationship with hypertension. Conclusion: Depression has been the main focus for research on mental health and physical health outcomes. The present results suggest that future research should pay equal attention to GAD and, in particular, the comorbidity of GAD and MDD.
INTRODUCTION

F
ew studies have examined the relationship between major depressive disorder (MDD) and hypertension. However, there is at least some cross-sectional and prospective evidence of a positive association (1, 2) . Nothing is known about the association between generalized anxiety disorder (GAD), an equally prevalent psychiatric condition, and hypertension, although three studies have examined the association between hypertension and symptoms of anxiety. Whereas the National Health and Nutrition Examination Survey (NHANES) (3) and the Framingham study (4) both observed a positive prospective association between symptoms of anxiety and hypertension, the Coronary Artery Risk Development in Young Adults (CARDIA) study reported no consistent relationship between the two (5) . However, the measures of anxiety used in these studies were not synonymous with a clinical diagnosis of GAD.
MDD and GAD are highly comorbid. We reported recently that both GAD and its comorbidity with MDD predicted both all-cause and cardiovascular disease mortality (6) . In the present analyses, we examine the relationship between MDD, GAD, their comorbidity and hypertension. Our previous results for cardiovascular disease mortality led us to hypothesize that not only will MDD be linked to hypertension but so too will GAD. We also hypothesized that hypertension would be particularly prevalent among those with comorbid MDD and GAD, as a result of either comorbidity reflecting greater severity of psychiatric disorder or because it signals greater general negative affectivity; the latter has been proposed to underlie the association between affect and cardiovascular disease (7).
METHODS Participants
Data were derived from the Vietnam Experience study. A more detailed description of much of the methodology is available elsewhere (6,8 -10) . Ethical approval for the study was given by various bodies including the Centers for Disease Control and Prevention. Details of sampling at each stage of data collection are presented elsewhere (6) . Data were extracted from military service records, elicited from a subsequent telephone interview in 1985, and finally collected at a 3-day medical examination in 1986. Inclusion criteria were: entered military service between January 1, 1965 and December 31, 1971; served only one term of enlistment; served at least 16 weeks of active duty; earned a military specialty other than "trainee" or "duty soldier"; had a military pay grade at discharge no higher than sergeant. The effective sample size for the present analyses was 4182; all the participants were male. Their mean age at medical examination was 38.3 years (range ϭ 31.1-49.0 years).
Procedure
Information on place of service and ethnicity of these male Vietnam-era veterans was extracted from the military archives. From the subsequent telephone survey, socioeconomic position was measured, using household income in midlife and the grade from which participants left school. Frequency of alcohol consumption was classified as number of units per week. Smoking habits and marital status were ascertained, using standard questions. Participants were asked whether they had a range of physician-diagnosed diseases including hypertension and whether or not they were taking antihy-pertensive medication (8, 9) . At the medical examination in 1986, with the participant in a sitting position, a registered nurse used a standard mercury sphygmomanometer to measure blood pressure twice consecutively from both arms of the participant. For analysis, an average of the two right arm values was computed. Measurements from the left arm were used to verify individual results. Hypertension was defined if one of the following criteria was met: a reported physician diagnosis at interview; reported use of antihypertensive medication; an average systolic blood pressure Ն140 mm Hg; an average diastolic blood pressure Ն90 mm Hg obtained during the medical examination. There were 441 participants who indicated during the telephone interview that they had a physician diagnosis of hypertension and an additional 98 participants who, although not reporting a diagnosis of hypertension, indicated that they were taking antihypertensive medication. Others have encountered individuals without an acknowledged diagnosis of hypertension who reported taking antihypertensive medication and have designated them as hypertensive (2) . The remainder and majority (n ϭ 842) of those classified as hypertensive were identified from their blood pressure measurements obtained during their medical examination. This suggests that there was a substantial number of individuals undiagnosed and/or untreated for hypertension. As our outcome measure is hypertension, it is essential to include participants with a physician diagnosis of hypertension in that outcome. Of the participants with a diagnosis of hypertension, 292 (66%) were taking antihypertensive medication. The effect of this would be to lower blood pressure, such that some of these participants (n ϭ 108) no longer met a criterion solely based on measured blood pressure. Nevertheless, they are still rightly regarded as suffering from hypertension. Height and weight were measured to calculate body mass index (BMI) (kg/m 2 ). Psychological morbidity was assessed, using the standardized protocol of the Diagnostic Interview Schedule (version 3A) (11, 12) , which was administered by trained psychological technicians. There was high interrater reliability for GAD and MDD; if the interviewer was unknown due to missing data, these participants were excluded from the original dataset (Ͻ1.1%) (13) . Study participants were considered positive for GAD and MDD if they reported a pattern of symptoms in the previous 12 months that satisfied the Diagnostic and Statistical Manual of Mental Disorders, 3rd Edition criteria.
Statistical Analyses
Demographic, service, health behavior, and psychological morbidity status data were compared between those with hypertension and without hypertension, using 2 test and analyses of variance. Logistic hierarchical regression was used to examine the relationships between GAD, MDD, and hypertension, first in age-adjusted models and then in models additionally adjusting for place of service, ethnicity, marital status, alcohol consumption, smoking, BMI, household income, and education grade. These covariates were selected as they have been shown in numerous studies to be related to health outcomes. We always entered the covariates at step 1, with the mental health variable entered at step 2. Finally, the same strategy was used to analyze GAD and MDD comorbidity; the dependent variable created for these analyses was comorbidity, GAD alone, MDD alone, versus neither.
RESULTS
A total of 1381 (33%) of the veterans were classified as hypertensive. The descriptive statistics for those with hypertension and without hypertension are presented in Table 1 . Veterans who were older, black, had served in Vietnam, were nonsmokers, had a relatively high BMI, and consumed more units of alcohol per week, and had lower household income in midlife were more likely to be hypertensive.
A total of 403 participants (10%) were diagnosed with GAD and 276 (7%) with MDD. In models adjusting only for age, both GAD (odds ratio [OR] ϭ 1.60, 95% Confidence Interval [CI] ϭ 1.30 -1.98, p Ͻ .001) and MDD (OR ϭ 1.70, 95% CI ϭ 1.32-2.17, p Ͻ .001) were related positively to hypertension status; thus, the presence of these psychiatric disorders was associated with an elevated risk of hypertension. These associations were still evident in the fully adjusted models-for GAD: OR ϭ 1.48, 95% CI ϭ 1.18 -1.87, p ϭ .001, and for MDD: OR ϭ 1.61, 95% CI ϭ 1.23-2.11, p ϭ .001. In both of these models, the other variables that were significantly related to hypertension were being older, being black, being never married, being a nonsmoker, having a higher BMI, consuming more units of alcohol per week, and serving in Vietnam. Interestingly, those participants who served in Vietnam were more likely to be hypertensive (35%) than those serving elsewhere (30%), 2 (1) ϭ 13.47, p Ͻ .001. Service in Vietnam was also associated with increased rates of GAD, 11% versus 8%, 2 (1) ϭ 17.56, p Ͻ .001, and MDD, 8% versus 5%, 2 (1) ϭ 17.12, p Ͻ .001. GAD and MDD were positively correlated, contingency coefficient (1) ϭ 0.38, p Ͻ .001. A total of 152 participants (4%) were comorbid for GAD and MDD. Of these, 72 (47%) were hypertensive. Of those with neither diagnosis (n ϭ 3655), 1161 (32%) were hypertensive. In the age-adjusted comorbidity model, GAD (OR ϭ 1.43, 95% CI ϭ 1.10 -1.86, p ϭ .008), MDD (OR ϭ 1.46, 95% CI ϭ 1.01-2.11, p ϭ .04), and comorbidity (OR ϭ 2.00, 95% CI ϭ 1.44 -2.77, p Ͻ .001) were all associated with an increased risk for hypertension relative to having neither condition. In the fully adjusted model, however, it was only comorbidity that was related to hypertension (OR ϭ 1.85, 95% CI ϭ 1.29 -2.64, p ϭ .001); there was a trend for an association with GAD (OR ϭ 1.32, 95% CI ϭ 0.99 -1.77, p ϭ .06). Finally, we tested an age-adjusted model comparing MDD, GAD, and the MDD ϫ GAD interaction term. Both GAD (OR ϭ 1.43, 95% CI ϭ 1.10 -1.86, p ϭ .008) and MDD (OR ϭ 1.46, 95% CI ϭ 1.01-2.11, p ϭ .001) emerged as a significant predictor of hypertension in this model, but there was no interaction effect.
Given that antihypertensive medication can be prescribed for conditions other than hypertension, we redefined hypertension based on only physician diagnosis and measured blood pressure. This reduced the sample to 4180 and the numbers classified as hypertensive as 1329 (32%). In the separate fully adjusted models, both GAD (OR ϭ 1.28, 95% CI ϭ 1.01-1.62, p ϭ .04) and MDD (OR ϭ 1.35, 95% CI ϭ 1.03-1.79, p ϭ .03) were positively associated with hypertension defined in this alternative fashion. However, in the fully adjusted comorbidity competitive analysis, no statistically significant relationships emerged. The only association to approach significance was between comorbidity and hypertension (OR ϭ 1.36, 95% CI ϭ 0.95-1.97, p ϭ .09).
DISCUSSION
Over 30% of the sample met the main criteria for hypertension. This proportion is higher than that reported in studies with participants of a similar mean age (2). However, in part, this could reflect different definitions of hypertension; relying solely on reported diagnostic and medication status and not including measured blood pressure will almost certainly lead to an underestimate of prevalence. In addition, the present sample was clustered at the low end of the socioeconomic
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spectrum. This might also help explain their relatively high prevalence of hypertension. Other analyses indicated an inverse gradient between socioeconomic status and measured blood pressure, although a less consistent association between socioeconomic position and hypertension treatment rates (14) . In the present sample, however, household income in midlife was associated with hypertension.
Both GAD and MDD were associated positively with hypertension. The latter result is consistent with the cross-sectional and prospective outcomes from the Canadian National Population Health Survey (1,2). We know of no previous studies that have examined the relationship between GAD and hypertension. However, a positive association between symptoms of anxiety and hypertension has been reported from NHANES and the Framingham study (3, 4) , although no such relationship emerged from analysis of data from the CARDIA study (5) . In fully adjusted competitive analysis, we found that only the comorbidity of GAD and MDD was significantly associated with an increased risk of hypertension. The absence of a significant interaction between GAD and MDD suggests that they are not acting synergistically but additively. It is clear from the high intercorrelation between anxiety and depression that there is substantial construct overlap. It is still possible that comorbidity signals more severe psychiatric dysfunction and that the severity of dysfunction is associated with physical health outcomes. We have recently reported in this cohort that the association between GAD and MDD comorbidity and all-cause and cardiovascular disease mortality was stronger than for either condition alone (6) . However, it is also possible that comorbidity reflects a greater negative disposition, and it is this which is associated with hypertension (5). Whatever the case, given the high comorbidity of GAD and MDD, it is perhaps regrettable that studies of psychiatric disorders and physical health have focused almost exclusively on single disorders.
This study has several limitations. First, the analyses are cross-sectional which makes determination of the direction of association problematic. However, the prospective associa- SD ϭ standard deviation; SBP ϭ systolic blood pressure; DBP ϭ diastolic blood pressure; BMI ϭ body mass index; GAD ϭ generalized anxiety disorder; MDD ϭ major depressive disorder.
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tions between MDD and hypertension (2) and symptoms of anxiety and hypertension (3, 4) , cited above, make it unlikely that GAD or MDD are a psychological response to hypertension diagnosis. In addition, in the majority of instances in the present study, hypertension was apparently undiagnosed. Further, many participants in the sample had served in Vietnam. As a life event, a diagnosis of hypertension is likely to pale by comparison. There are several possible pathways through which MDD and GAD might contribute to development of hypertension. The two most cited are unhealthy behaviors and physiological dysregulation. In the present analyses, the associations were still evident after adjustment for two of the most prominent unhealthy behaviors, smoking and high levels of alcohol consumption. That smokers have lower blood pressure and that alcohol consumption is positively related to hypertension are common observations (15, 16) . Although we have no data directly pertaining to the second route, others have observed altered activity of the hypothalamic-pituitary-adrenal axis in approximately 50% of depressed patients (17) , which, in turn, may increase the risk of hypertension (18) . A second limitation is that the present study's participants were all men and so there is the issue of generalization. In the Framingham study, symptoms of anxiety predicted hypertension in middle-aged men but not middle-aged women (4). Accordingly, the associations reported here may pertain only for men. In addition, as indicated, the present participants were largely from the lower end of the socioeconomic spectrum and, thus, our findings may not generalize to the population as a whole.
In conclusion, these analyses indicated that both GAD and MDD were related positively to hypertension in male Vietnam-era veterans. However, the strongest association with hypertension was observed for comorbid GAD and MDD. Depression has been the main focus for studies of psychiatric disorders and physical health outcomes. The current data suggest that future research should perhaps pay equal attention to GAD and, in particular, its comorbidity with MDD.
